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Introduction:
This project consisted of (a) the preparation of rock

specimens for laboratory teats to determine its suitability for
building stone, and (b) the perform&nc; of the lsborsatory tests.
The procedure given in the UT,S. Buresu of Standiards Technical Paper
No. 123 was followed wherever practiocable,

ROCK _PREPARATION,

Iypss of Work Done:
A. Sewing the Specimens, Three blocks of quarry stons chosen

in such & manner &8 to be representative of the quarry fece were
provided by the operators, These blocke had besn roughly dressed by
o hammer and chisel at the guarry, and esch was approximately 12"x
fﬁlEﬂW”t&» " "
0M44oﬁhw13 x 10" in size when received at the laboratory. The blocks were
z gJJJfJJLdasignated Yo.s 1, 2, and 3, snd this classification was carried
5g;~~?g‘ over to the smaller specimens. Lacking mere specialized eguipment,

atl " . .
the blocks were guartered with a&n ordinary carpenter’s sross-cut

o . hand ssw as shown in Diagram 1, cuts "a" and "b". Two sleba approx-
imately 12" x 47 x 1" were secured from Block Yo.Z, and one each

from Rlocks Fo.2 1 and 2 by eut "o". The sverage rate of outting

DlAGRAM 1
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by this method was about 1" per hour, exclugive of time aspent in
filing the saw, shoring up the stone on the work bench, and other
activities incidental to the task, This cutting speed was said by
employees of & local monument works to be about the same a&s that
of similar work done in their shop. The sghop price for such work is
£1.50 per hour.

The"quarter~blocks"” were next plaee& in 8 large power hack saw
taking stock up to 6" x 6", Eight specimens 4"x4"x1" in size, and
five gpecimens 23" x 21" x 21" were roughed out on this machine
from each quarry block. Thirty to forty minutes were required to
make a 4" to 5" cut by the 17" hacksaw blade runniné at 90 strokes
per minute. These cute were made ss shown in Diagram 2 to obiain
rock faces in the three planes of the bloeck. The rcﬁgh specimens
from Block No. 3 were then placed in = crudae mitre box and trimmed
to size with the hand saw. The pieces from Blocka Ne.s 1 an& 2

were trimmed to size on thp power saw and on s coarse emery wheel

DIAGRAM Z.

at a considsrable saving of time, Trouble was experisnced in both
the power an@ hand sawing from the fact that the stone sheared off
consistently sbout 1" to 1/8" from the bottom of the cut or kerf,
This was not serious in the cass of the 4" x 4" x 1" specimens
(blocks for polishing) becsuse only one true surface wes wanted,
In the csca of the cubes,howsver, this breskage under the ssw

caused a considerable waste of stone and duplication of effort



CIVIL WORKS ADMINISTRATICN PROJECT

UNIVERSITY OF WISCONSIN

Title: TLABORATORY TESTS OF THE CHEDARBURG DOILOMITE.

because it was necessary to obtain 2ll six fmces 28 nearly frue

a8 possible. The difficulty was overcome by sawing in such &
manner that the shearing produced & rough rim or 1lip &t the bottonm
of the cut ( Diagram 3 ), this lip subsequently being ground off

flush on the emery wheeal. " "
Saw cut or E?-\"Ja.

¥

Fressu re /,

—— Fressure

DIAGRAM F

/'ab-
Sheay —~ — Shear

Information obtained from the Engineering Ddepartment of the

N
S

University of Wisoonsin indfcsated that eylindrioal specimens would
give betfer results in the ocompressive gtrength tests; hence two
stone cylinders sach 1 7/8" in diameter by 2" high were prepared
from sach querry block. Thess cylinders or cores were drilled out
with a tubunlar bit threaded for sttachment to & drilil pre=s chuck
and slotted so that glacisl gusrtz sénd wet to a semi~fIiunid son-
dition could be fed to the cutting edge of the bit., The rough
gores thus produced were then placed on the table of a grinding

lathe and their ends ground off plane &t right angles to the axis

of the cylinders,

OBSERVATIONS
1. Blocks No.8 2 and 3 sesmed gquite hard undser the =aw

and cut very slowly.

2. Block Fo. 1 seemed relatively soff under the saw and

cut fairly repidly.

3. The use of coarse carborundum under the saw blade did
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not appreciasbly 8spesed cutting.

4, Totel time required to saw 24 specimens 4% x 4" x 17,
15 specimens 21" x 23" x 23", and 4 specimens 127" x 4" x 1" was

about 180 hours. This includes all sctivities incidsntal to the

sawing,

B, Grinding:
All the specimens with the exception of the 12" x 4" x 17

8labs were ground to smoothness on steel 1lap wheels. Six of the
21" cubes were preparef for compression strength tests; three
eubes were prepared for absorption and spparent specifisc gravity
tests, Twenty-three of the 4" x 4" x 1" m2sbs bloocks were ground
in preparation for polishing, Grinding technigque for sach type of
specimsn is described beliow,

1, Compression cubes: Each face of the cube was ground with
coarse, mediwm, and fine grits on the lap wheel, then rubbed by
hand in M 303 powder on a glass plate, and finally given & Semi-
polish by buffing on 2 smooth steel lap wheel lubricated with
water. The two opposite faces which were most nearly parallel as
determined by testing with outside calipers were then ground to

a8 plene surface by testing on & glass plate until all sdges rested

in oontact. The selected faces were marked so that they could de
used &s bearing faced in the compression tests.
2. Cubes for Absorption and Apparent Specific Gravity Tests:
These cubes were prepared in exectly the same manner a8 were the
compression specimens except that their edges were slightly round-
ad_tc rrevent losses from chipping or crumbling during the tests.

8. Specimens for ¥ olishing: phe 4" X 4 X 1 blocks were
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ground with coarse, medium, and fine grits on the lap wheel. It
was necessary to scrub the bdlocks with & stiff hend brush aftfer
each operation to remove 28 much of the grit from the pores as
was possible, Even with this ftreatment there was slight discolor-
ation of the stone by embedded grit, The edges of the blocks were
rounded in prepdration for later buffing on a 11nen-qovq;ed wheel.
The specimens were then rubbed by hand in M303 powder on & glass

plate.

4, Polishing: A Fo, 1, & No. 2, &nd & Fo. 3 block were polishe

in rougs

ed by buffing/on a stesl lap wheel covered with coarse, unbleach-
ed linen, A good gloss was produced by the procaess, but embedded
rouge discolored the stons badly. The use of rouge as & polisher
wgs therefore discontinued. Ths surfece of 2 No. 1 block was treat~-
ed with Duco cement 23 a8 filler in an attempt to prevent the rouge
from entering the pores of the stone, but without sucess,

Inability to obtain s suitable commercial polisher from local
sources necessitated the use of guestionable subatitutes. Whiting
{levigated and washed chalk) used on a linen-covered wheel and on
8 wheel to whieh & piece of wool-pile carpet hed been shellacked
did not produce & polish. A mixture of whiting, slum, and very fine
smery powder produced & soft gloss without dissoloring the stons.
The polish was considerably intensified by the use of a good qual-
ity furniture wax in paste form. It was found that a pseudo-pol-

igh could be obtained by waxing the very smoothly ground specimens,

The l2p wheels upon which the fore-going msterislas were used
in polishing have & speed of sbout 1100 R.P.M* This speed is too
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high for best results with the latter type of polisher. In order
to keep the polisher from being hurled from the plats by centri-
fugal force, it was nsceasary o reduce its water content to an
amount which was insufficient to prevent a alight scorsching of
the paste by friction, This ocsused & s8light yellowish discolor-
ation of the polished surfsace.

The use of putty-powder{oxide of tin) and felt buffere run
et slow to moderate speeds for sonsiderable periods of time, as
in merbls polishing, will undoubtedly produce & good rolish on
this stone.

Observations

1. The semi-polished and poiished surfaces of the atone
show that it is very porous and that many small cavities are pre-
sent, Moat of the cavities are under 1" in size, but a few open~
ings up to 1" were noted. These cavities are of two types; oné,
the molds and césts of small, segmented crinoid stems; and two,
smali gaodes which prodbably originated from fossil molds. The
cavities are most nmumerous in RBloek No. 2; fairly numerous in

Block No. 3; and relatively infrequent in Block Ho.l.
2. All three types of the stons are composed of tiny

dolomite erystals cemented by calcite, dolomite, &and possibly
some limomite., The principal cement seems to be caleite as shown
by the fact that the materiel binding the crystals effervesces
freely in cold, dilute hydrochloric acid while the crystals them-
gelves are atitecked less readily. Incomplete filling of the infer=
stices bastween the crystals produces the numerous pores and many

of the small openings of macroscopic size, The orystals in Block
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Ho. 1 are smaller than those in Blocks No.8 2 and 3, and the pores
" seem t0 be more numerous snd more uniformly distributed: neverthe-
less this type of stone is much softer than the other two types.

3., Block No. 1 is s light buff in eolor, the stone having
& dull and lifeless appearance to the eys. Embesdded grit from the
grinding operations produces a dirty, sﬁudgad appearance which is
unpleasant, 3lock FNo. 2 is 8 mottled grayish-=white to light eream
in color. The mottled effect is due to the vresence of denss, light
eolored areas ossurring between the small cavitiss in the stone.
The juxtaposition of these features creates an impression of high
lights and shadows of soft intensity which give the stone life
and s distinctly pleasing appearsasnce., The 8light amounts of em-
bedded grit from the grinding operations tend to heighten the
mottling, snd the diseolo?ation is therefore not injurious. Blook
¥o. 3 is a mottled light oream $o buff in color, but the mottling
is not &3 Iintense and conspiouous as in Block No. 2, and the the
visual impression of the former is therefore slightly less pleas-
ing.

4. Total time spent in grinding and in polishing the entirs
group of specimens was asbout 120 hours. This includes time spent

in consulting library references, preparing equipment, and obtain-

ing meterials,

LABORATORY TESTS.

Under this heading sre deascribed the laboratory tests for
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determining the apparent_specifié gravities, the true specifis
gravities, the porosities, the absorption values, the compres-
ive strengths, the transverse strengths, and the weighta per
cubic foot of the thrse types of réck., These physical char~
acteristics are of vital importance from the standpoipt of the
suitability of a stone for building purposses hecause thsy &re

an index to the sblility of the stone %o bear certsin stressss
and to resist the sction of & number of destructive agents;to
which building stone is subjected in actual use. Details and pur-
poses of the various ftests are given under separate headings be-

low,.

Apparsnt Specific Gravity The apparent specific gravity of

-

a stone is the specific gravity regardless of the pore spaces
and air contained therein, "It is the weight in grams of a cubie

1
centimeter of the dry stone™. This valus is useful for (a) deter-

mining the weight per cubisc foot of the stone, {(b) to caloui%e
the sctusl pore space, (e} to reduce the water absorption of &
stone determined by weight to the volume ratio. The apparsent sps=
cific gravity values of these specimens were determined on the
cubes used for the absorption tsst, this procedure requiring only
the adiitional operation of weighing the saturated cube suspended
in weter. An error is introducsd if the wire of the suspending
basket is not immersed to the same point when weighing the basket
empty and with the stons. The error is eliminated by removing &

volume of weter from the beasker spproximetely equal to the volume

of the cubs during the operstion of weighing the immersed spec-

?f'f

e S Pans i (Fandards Tects, faper 83 Jee Section ,n“-ﬂfé/b‘rcnf J"/%C?f/é Grave Ty
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ey
imene. The values sre computed from the formule: G equals W, minus W,

in which G is the spparent specific gravity; W, is fhe weight of
the dry cube; W, is the weight of the cube after sosking in water
but dried on the surface with a towel; and W3 is the weight of the
sosked cubs suspended in water. The weight of the dry stone is com-
puted by multiplying the apparent apecific gravity by 62,5

Absorption Tests The sbsorption tests as carried out in this

investigation consisted of determinations of the amount of water
absorbed by & dry cube of the stone. The absorption value shows the
probable effects of westhering on the stons. Absorbed water softens
a stone and carries into it atmospheric gasea which may produce
delsterious solutions. Considered in commection with the porosity
of the stone, the absorpiion valus i2 an index to the possible effect:
of freezing , for according to Hirshwald's theory, a stone whose
abgorption value is more than nine-tenths of the pore space,-ikhe
#tone will be damaged by froezing. This is based on the fact that
water expands by one-tenth of its volume &s the temperature is low-
ered from 4degrees ¢ to the freezing point. Thua if a stone is mors
than nine-tenths filled with water, there is not snough spage to
allow for expsnsion and the stone will be subjected to internal st-
resses8 of destructive forse. Buckley states that the size of the

pores is an important factor which may render the theory invalild ia

1
certain instances,
The preparation of the cubes used in the &bsorption tesats has

slready besn desoribed, Prosedure for the teat is as follows: the

Buckley, EE. . BUJ‘IGII'VI7 and O?‘nnmsnfa/ .S_fang;s} [(//'S C;’ec/‘ and /Vd.}“
Hist 5uryej, Butf I, 1898 /Df’ Zl, 22 23.
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cubes are dried in an electiric oven at 110 degreas Centigrade for

48 hour;;::g&ghad to the nearest 0,01 of a gram; then placed in a
shallow tray containing sbout 1" of water. Small smounis of water
(distilled) are esdded until the specimens ars immersed., After 48
hours the cubes are taken out one &8t 2 time, carefully dried on the
surface with a cloth, and immedistely weighed. The increase in weight
is the amount of water absorbed. The absorpition value is computed
from the rstio of the volume of water abmorbed to the volume of the
specimen, viz, divide the weight of the sabsorhed water in grames by
the volume of the ocubs in cubic centimeterd. This value multiplied
by 100 gives percentage ratio of absorpbtion. The volume of the

test pilece is obtained by subiracting the immersed weight (apparent
specific gravity determination) from the weight of the soasked cube,
agguming that 1 ec of water equals 1 gram. A second method of dst-
ermining the sbsorption value is by determining the ratio of the
weight of watser absorbed to the weight of the dry stone. This method
disregards the factor of specific graviiy and an unfeir value may

be obtained; i.e. & specimen of high specific gravity may appear to
have absorbed less than one of low specific gravily, even though the
contrary be true. The true absorption value may be obtained by mul-
tiplying the value determined by the weight method by the sppar-

ent specific gravity of the stone. Both weight and volume values

of absorption for the epecimens under test are given in the table,

ragsa .
True Specific Gravity True specific gravity is the specific

gravity of the solid stone materisl,eor the weight in grams of a.

subice centimeter of the stons having the pores filled with solid
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material of the same oomposition. In this investigetion the true
specific gravity was obtained by reducing the stone to a powder
pessing a 200 mesh screen and determining the &psoific gravity of
the particles by means of s pycnometer or specific gravity bottle. ;
A 50 oc. pycnometer adjusted 2% 20 degrees C, was used, and the E
readings were tsken at room tempsrature which approximated 20 de-
rees8 C. True specific gravity was computed from the formula G

B minug A s Whers
equals ~D pius B minus £ minus @ 4 is the weight of the

pyenometer, B is the weight of the pyenometer and the pcwdere& min-

eral, ¢ is the wsight of the gicnometer and mineral plus distilled
water (flask filled), and D is the weight of the pycnometer filled
with distilled water.

In order to obtain scourats determinations by this method,
great cars must be used in the procsdure. I¥ is absolutely neces-
gary that trapped air{ air film on the mineral particles and air
in the interstices) be sxhausted from the bottle in obtaining weight
G; otherwise an erroneous value will result. The text-book pro-
cedurse of BuRpending the Fflask in boiling wster is not adequate to.
exhaust trapped air in a sample of powdered mineral under test. An
a8pirator or faucet air pump having a suction sufficiant to lower

6 cm, or a press§§
& c¢olumm of mercury to apnroximataly/bne-twe th of an atmosphere

was used in this investigation with exesellent results. in this
connestion. Frothing of the sample under suotion with & conssgquent
1088 of minerasl is a complicetion of this method. This can bs over-
gome by (&) first exhasusting the air in the distilled water used ,

and (b) barely saturating the powder and applying suction and then
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gradually filling the boitle beiween intervals of suction. The
reduced pressurs mist be attained gradually.
Six to ten determinations for easch type of the stone under
teat were mede. The individual ssmples varied between 10 and 20
grams in weight. Results of the tests are tabulated on page .
Porosity Percentage of the total pore space of the stone
urder test is calculated from the results of the true and appar-
ent specific gravity tests. The difforence between the apparent
specific gravity vaiue( weight in grams of the actuasl stone) and
the true specific gravity( weight in grems of & cuble centimeter
of solid stone) iz the amount of 20iid stone required to fill the

pores of the sctusl atone., Percentage of pore space is determined

_ t minus a
by the formule t z 100 , wheres t is the true spe-

oific gravity and a is the apparenf epecific gravity. Porosity

values for the stone under test are given in the teble on page

Transverse Strength Tests The transverss strength of sach

type of the dolomite was obtained by breaking 4 bars on an Olson
testing mechine in the Materials Labo?atory of the College of
Engineering. The barse are placed on adjustable knife-edges on the
bed of the machine and the load is applied by means of & third
k¥nife edge at the center of the span. The breaking load is record-
ed and the unit of strength is computed from the formula R equals
g"g"%? , where R equals the modulus of rupture iIn cross-breaking,
W squals the breaking load, 1 equals the length between the sup-

porting edgss,or span, b equals the breadth of the test pisces, and
d equals the depth of the test plecs.
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The modulus of rupture represents the meximum unit strength
of the msterial when used &8 & besm., It is ussful in determining
the load to which the stone should be subJected whern used in arches,
8ills, snd caps. Blocks cut perpendicular to the bedding show graat-
sr tranaverse strength than do blocks cut parsllel to the bedding.
The plane of the badding was not known for the quarry bdblocks from
which the test pleces used in this investigation were sawed; hence
this factor was not known for the apgeimana tegted, It is balieved
thet the wide variation in tranaverse atrengths 6btained in ons or
two of the spscimens msy be the resuit of this fasstor. The results
of the teats are tabulated on page of this report.

Compressive Strength Tests The compressive strangth of a

stone is determined to find what losds it will support in strue-
tures, Knowing ths ccmpressive or crushing strength of a stone, it
or unfit guch

can be clessified as fit/for certain types of conetruction/es piers,
columns, arches, abutmentsé Sraesen, wallis,etc. A high compressive
strength has commonly been regarded as an avidence of great dur-
sbility, but such is not necessarily the case. Stonea of low com-
pressive strength mey have other physical sharacteristics which
rendsr them mors resistant to dsoay snd disintegration than stonés

of high compressive strength."The compressive strength of a stone

is nearly always sufficient for the requirements of ordinary siruc-

1
turea,.”™

The compressive strength values of the Cedarburg Dolomite

were determined By crushing cubes and eylinders of the stons on a

Quoted from U.S, Bursauy ¢f Standards Tech. Paper No. 123,
" Properties oF Marble *
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Riehle Bros,, 2=screw, testing machine of 100,000 pounds capsacity
in the Materials Laboratory of the College of Engineering. Com=-
predsion specimens cut perpendicular to the bedding usuelly show
8 higher crushing atrength than do specimens cut in the plane of
or "with"” the bedding. The test pieces used in this investigation
were cut in both these planes of the guarry bdlocks, but since the
bedding was not known for the rough stock, it was ndt pogsible to
make this distinction in crushing the epecimans; Thie factor is
probably responsible for the marked variations in crushing stren-
gth obteined for a singlr type of the stone.The resulits of the
compressive strength tests are tabulated on page of this report.
Compression specimens which have been ssiursted with water
usually show & msrked logs in crushing strength. The three oubes
which hed been used in the absorption tests were crushedi while in
a saturated condition to determine the effect of excessive mois-
ture upon the stone, The results of this test are glven on page
It should be pointed out that while this singl? determination msy
be regarded as indicative, it should not be taken as conclusive
evidence because & single test is not aufficient to establish the

true value of the effect of saturation on ths strength of the

gtone,

CONCLUSIONS

The various tests to which the Cedarburg Dolomite was sub~-

Jeocted in this investigation shows thst the stone has physical
characteristics which justify ite clessification as a building and

ornamental stons, The stone can be polished, and the resultiant

/4,
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product is pleasing, The type of stone repressnted by Blosk No.2
ig the most satiafactory, that represented by Block No, 3 slight=
1y less so, end thet represented by Blosck Ko. 1 is probadly un~-
satisfactory from ths standpoint of beauty and general appesranca.
All thrse types are suitable where hand=finished stonse rather than
the poiished product is required. The uniform color ( l1e0., leck
of stains and other diacoloratiqns) is a favorable charmcteristic.
The purely pﬁ%ical testsfshow that the stone im very por-
ous and relatively soft. These cherascteristics probadly obviafe
general
ita/ﬁse in outside walls, for foundation work, or for any type of
conatruction whieh would csuse it to be sudb jected to abrasion. It
is believed that the most.satisfaotory results would be obtained
by rsstriceting the use of the stone to interior construction such
as intertor trim, wall penels, casings,ets. The tables of com~

pressive and transverse sirsngtha should be of value to s2rchitects

end designers in determining the exact uses for which the stone is

suited,.



/6

ABSORPTION TESTS.

| AVERAGE
EFECENCE | TESTS PEE CENT OF ABSOEPTION
JUMBER | MADE
Py Weight 5:7 Volumie .
1 3 6.23 /292
2 3 383 8.53

3 3 | 3.9¢ 8.41




SPECIFIC GRAVITY TESTS

rge [/

, APPARENT ‘

EFER-|  TRUE SPECIFIC GEAYITY SPECIFIC GRAVITY FERCENTAGE| WEIGHT

INCE - | PorosiTy | Fer

NO. |7esTs TEsTS CuBIC

MADE  |HIGHEST |loweEST | AVERAGE. radE |MEHEST|LowEST | AVERAGE FooT.

i 4 2.8062 |z 8704 Z2.875 3 |ziz0|zs05 (2110 | Z6.6 | /3/.8
Z 4 |2.889 (28860 | 2 ggy 3 |2240(2.23¢|2238 | z2/4 | /398
3 6 |2.8785 (28581 | 2 g7 3 |2.238|2223|223/ | 22.] |/39.4




COMPRESSIVE STEENGTH TESTS.

jlage 0.

EEFERENCE | TyPE oF AVEEAGE STRESS - ,
] ) E
NUMBER, SPECIHEN b AEza, COMPEESSIVE  STRENGTH
IN SQuaRE PEMOR
INCHES Total hoad  |emprersiiesirn) AVEEAGE for ARKS .
Fquare inch. 7},5' af Slene
’Z C()é)e, 4 5 Z ?’ /é O 6, 450 Ex/b/o:w—e brza e, oppase
,fyramid;s ]
1. CUbQ, . 5 Cluret bread amt d
3 /7,110 £858 Belbrs, medge bove.
! Core 2.7 /3,660 - 5429  Egnie
i . , 7 Euplosive breqa k&
505? ' /Hl//be#fcl;f and Uﬁ—( ¥73 ol
/ ¢ - . pyramida T
e ore. wel Dreak) vy Fa
z7 /4 270 SZT7Z g déjde;hde.r;fd canfz’s?h
o mciprent.
< Cobe 4.0 /6, 280 4070 T e et
above .
A Cube S0 38,630 77Z6 w Quief Dreafe,
’ wedge Ffeactures
Z 5581 ' Y=y
Cobe 4.8 35,730 7443 5;ﬁ/i’:‘§'ebé'x'.‘°’w e
c dﬁov‘e, :
y re ‘ “Gradeal crumblin
a 2-7 /01680 3?55 J%//nwed ,67 "’”7/2
C, — S / Shear.
Fxplosive Dreek; inverfe
y4 ore 2.7 /2,725 4773 ol vt comes, ane
shear 'pqn!. f!rcﬂounced_
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